The circulating renin-angiotensin system (RAS) plays a central role in the regulation of blood pressure as well as water and electrolyte balance. In the adrenal gland the RAS stimulates aldosterone production [1] . In the heart it promotes hypertrophy, apoptosis, inflammation, fibrosis, and hence cardiac failure [2] [3] [4] 
a second renin transcript, termed exon(1A-9)-renin, which codes for a non-secretory protein [8] . Similar transcripts have been found in other species as well, including humans [9, 10] . These transcripts lack exon 1 and thus the signal for the co-translational transport to the ER. In humans one of the renin transcripts directly starts with exon 2 [10] . In rats, exon 2 of the exon(1A-9)renin transcript is preceded by a short sequence of about 80 base pairs derived from intron A [8] . This sequence is non-coding and therefore can only have regulatory functions.
The exon(1A-9)renin transcript is translated into a truncated prorenin starting at the first in-frame ATG in exon 2. The resulting protein lacks the pre-fragment of secretory renin (from now on termed exon [1] [2] [3] [4] [5] [6] [7] [8] [9] renin) as well as the first 10 amino acids of the conventional prorenin. Most tissues including the adrenal gland express both transcripts, whereas the kidney expresses exclusively the exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin transcript and the heart expresses exclusively the exon(1A-9)renin transcript [11] . In the heart, exon(1A-9)renin transcript levels rose after myocardial infarction [11] , indicating that exon (2) (3) (4) (5) (6) (7) (8) (9) renin may play a role in cardiac pathology or repair processes.
The functions of the truncated non-secretory exon (2) (3) (4) (5) (6) (7) (8) (9) renin transcript-derived prorenin are currently unknown. In the adrenal cortex renin proteins are found not only within secretory vesicles but also within mitochondria, where important steps of aldosterone production take place [12, 13] . Mitochondrial renin must be derived from the exon(1A-9)renin transcript, since only this transcript renders a protein that is located in the cytosol and therefore available for mitochondrial import. In support of this view, we have demonstrated that exon(2-9)renin but not exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin or active renin is actively imported into isolated adrenal mitochondria in vitro [8] . Furthermore, stimulation of aldosterone production by bilateral nephrectomy is associated with increased levels of mitochondrial renin [13] , indicating a role for exon (2) (3) (4) (5) (6) (7) (8) (9) renin in aldosterone production.
The aims of the present study were to test the hypothesis that (1) the exon (2) (3) (4) (5) (6) (7) (8) (9) renin exists in vivo, (2) exon (2) (3) (4) (5) (6) (7) (8) (9) renin is not secreted but remains within the cytoplasm and (3) overexpression of cytoplasmatic exon (2) (3) (4) (5) (6) (7) (8) (9) renin increases aldosterone production. To this end we established a new transgenic rat model which allows to study the function of exon (2) (3) (4) (5) (6) (7) (8) (9) renin in various tissues, such as adrenal gland, heart and brain.
Methods

Generation of transgenic rats (TGR)
An exon (2) (3) (4) (5) (6) (7) (8) (9) renin DNA construct was derived from the full length rat preprorenin cDNA [14] as described previously [8] and cloned into pCDNA 3 (Invitrogen). A 1.12-kb exon (2) (3) (4) (5) (6) (7) (8) (9) BamHI/Hind III fragment was ligated 3t o the hybrid CX-promoter [15, 16] . Exon (2) (3) (4) (5) (6) (7) (8) (9) 
Determination of prorenin, renin and aldosterone and electrolyte concentrations
Plasma prorenin, renin and aldosterone levels were determined as described previously from ethylenediaminetetraacetic acid (EDTA) blood obtained from the retro-orbital plexus after light ether anaesthesia [18] , except that ANGI determination was based on a solid phase radioimmunoassay. Sub-cellular fractions were prepared by differential centrifugation as described previously [13] . Protein, renin and prorenin levels were determined as described previously [18] . The specificity of the enzyme reaction was controlled using the renin inhibitor CH732 [13] . Serum sodium and potassium concentrations were determined using the ISE Analysator AVL 988-4 (AVL Medical Instruments, Bad Homburg, Germany). 
Cardiac histology
Results
Generation of TGR and transgene expression in various tissues
Intracellular renin activities in the heart
Intracellular renin activities in the adrenal gland
Adrenal renin activities were considerably higher than cardiac renin activities and considerably above the detection limit in all groups (Fig. 3B) (2) (3) (4) (5) (6) (7) (8) (9) renin in the heart and the adrenal gland.
Exon(2-9)renin and the heart
The circulating RAS is known to exert pro-inflammatory and profibrotic effects on the heart [2] [3] [4] , whereas ACE inhibitors reduce mortality rates in patients with congestive heart failure [19] . Since the rat heart exclusively expresses exon(1A-9)renin, but not exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin [11] these effects are mediated by secretory exon (1) (2) (3) (4) (5) (6) (7) (8) (9) 
renin that is taken up from the circulation [20-21] and not by locally expressed exon(1-9)renin. It is presently not clear whether locally expressed intracytoplasmatic exon(1A-9)renin exerts detrimental or protective effects on the heart. Since the expression of exon(1A-9)renin is selectively up-regulated after myocardial infarction [11], intracellular renin may play a role in the pathophysiology of ischemia-related repair processes.
In the present study we observed a fivefold overexpression of exon (2) (3) (4) (5) (6) (7) (8) (9) renin in the heart and demonstrated its localization in the cytoplasm of TGR. There were no signs of hypertrophy, inflammation, fibrosis or cardiac failure in these rats. This may suggest that exon (2) (3) (4) (5) (6) (7) (8) (9) renin is rather protective than detrimental. More detailed investigations are needed to establish the function of exon (2) (3) (4) (5) (6) (7) (8) (9) renin in the heart in various physiological and pathophysiological contexts. Since in adult rat hearts only exon-(1A-9)renin transcripts are detected, the new transgenic model can be used to study the functions of the encoded exon (2) (3) (4) (5) (6) (7) (8) (9) renin protein in the heart in vivo.
Exon(2-9)renin and the adrenal gland
In the rat adrenal gland both the exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin and the exon(1A-9) renin transcripts are expressed. It has been suggested that there is a functionally active adrenal RAS in the zona glomerulosa. This assumption was based on the fact that under some conditions, such as potassium load or bilateral nephrectomy, aldosterone levels correlate better with adrenal renin levels than with circulating renin levels [22] [23] [24] . The functional significance of intra-adrenal renin has been demonstrated in vitro and in vivo (for review see) [24, 25] . Thus, in adrenal explant cultures or adrenal monolayers the potassium-stimulated aldosterone production is reduced by [26] [27] [28] [29] . In vivo, the AT1 receptor antagonist losartan inhibits aldosterone production after bilateral nephrectomy [30] , a procedure which eliminates circulating renin, but increases renin in the adrenal cortex [22] . There is now considerable evidence that there is a local secretory renin system in the adrenal cortex, which regulates aldosterone production [24, 25, 31] .
ACE inhibitors or AT1 receptor blockers in vitro
Indirect evidence suggests that the adrenal cortex may harbour an intracellular renin system in addition to the secretory system. Like the secretory system, the intracellular renin system may stimulate aldosterone production. Renin was detected immunhistochemically and enzymatically within adrenocortical mitochondria [12, 13] . Further, exon (2) (3) (4) (5) (6) (7) (8) (9) renin but not exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin or active renin was imported into isolated mitochondria in vitro [8] . Also, The present study supports the hypothesis that intracellular exon (2) (3) (4) (5) (6) (7) (8) (9) renin may be functionally active. We demonstrate that the expression of exon (2) (3) (4) (5) (6) (7) (8) (9) renin increases plasma renin-independent aldosterone production in three out of four transgenic lines. The fourth line, which did not exhibit elevated adrenal renin levels in the cytosol or high-density fraction, also did not exhibit increased plasma renin-independent aldosterone production.
Exon(2-9) and blood pressure regulation
The circulating RAS, determined by secretory exon (1) (2) (3) (4) (5) (6) (7) (8) (9) renin, is known to increase blood pressure. In the present study, overexpression of non-secretory, cytoplasmatic exon(2-9)renin was not associated with an increase in systolic blood pressure when compared with WT controls. Recently, astrocyte-specific overexpression of human (2) (3) (4) (5) (6) (7) (8) (9) renin together with human angiotensinogen has been reported to lead to increased blood pressure in double transgenic mice (32) . The discrepant findings between this study (32) [33] and later by Re and others [34, 35] . In these studies, nuclear [33] or mitochondrial [33, 34] [35] [36] [37] [38] .
For intracellular ANG production to occur, cytoplasmatic exon (2) (3) (4) (5) (6) (7) (8) (9) [39] . Furthermore, cytoplasmatic exon (2) (3) (4) (5) (6) (7) (8) (9) renin may act on additional targets other than angiotensinogen. For instance, a cytoplasmatically localized renin-binding protein has been described [40] . This renin-binding protein is identical to the enzyme N-acetyl-Dglucosamine 2-epimerase [41] , inhibits renin activity [42] and is inhibited by renin [43] . More recently, a renin receptor has been found with partially intracellular location [44, 45] .
Taken together, the results obtained in four different lines of exon (2) (3) (4) (5) (6) (7) (8) (9) 
